Breast cancer is a major cause of cancer mortality amongst women. Chemokine (C-C motif) ligand 4 is encoded by the CCL4 gene; specific CCL4 gene polymorphisms are related to the risks and prognoses of various diseases. In this study, we examined whether CCL4 gene single nucleotide polymorphisms (SNPs) predict the risk and progression of breast cancer. Between 2014 and 2016, we recruited 314 patients diagnosed with breast cancer and a cohort of 209 healthy participants (controls) without a history of cancer. Genotyping of the CCL4 rs1634507, rs10491121 and rs1719153 SNPs revealed no significant between-group differences for these polymorphisms. However, amongst luminal A and luminal B subtypes, compared with patients with the AA genotype, those carrying the AG genotype at SNP rs10491121 were less likely to develop lymph node metastasis. In addition, compared with AA carriers, those carrying the AG + GG genotype at SNP rs10491121 were at lower risk of developing distant metastasis, while the presence of the AT genotype at SNP rs1719153 increased the likelihood of pathologic grade (G3 or G4) disease. Variations in the CCL4 gene may help to predict breast cancer progression and metastasis.
Introduction
Breast cancer is the second leading cause of cancer deaths amongst women worldwide. Nearly million women worldwide are diagnosed with breast cancer annually and more than 500,000 die from this disease [1] . Besides age, reproductive and gynecologic factors, other risk factors such as family history and environmental factors including tobacco and alcohol consumption, as well as overall amount of physical activity, can greatly modify the risk of developing breast cancer [2] . In addition, gynecologic diseases including polycystic ovarian syndrome and adenomyosis have been found to enhance the risk of breast cancer [3, 4] .
Mammography screening and genetic testing have limited sensitivity and specificity for estimating breast cancer risk [2] . It is uncertain as to whether single nucleotide polymorphism (SNP) genotyping could more accurately predict breast cancer risk and guide disease management [5, 6] . Susceptibility to breast cancer appears to be influenced by certain SNPs, as well as clinicopathologic status [7] . BRCA1 and BRCA2 gene mutations increase the risk of breast
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Chemokine (C-C motif) ligand 4 (CCL4) is a protein that is encoded by the CCL4 gene and acts as a chemoattractant for natural killer cells, monocytes and various other immune cells in the site of inflamed or damaged tissue. CCL4 polymorphisms influence gene expression, protein function and susceptibility to various diseases, including hepatocellular carcinoma, oral cancer, and psoriasis [11] [12] [13] [14] . CCL4 belongs to a cluster of genes located in the chromosomal region 17q11-q21. The CCL4 protein acts as the chemokine being secreted under mitogenic signals and antigens and attracting monocytes, dendritic cells, natural killer cells and other effector cells into the site of inflamed or damaged tissue [15, 16] . On the other hand, the CCL4 gene polymorphisms has been associated with risk and development in oral cancer and hepatocellular carcinoma [12, 17] . Despite the well-known impact of chemokines on cancer progression and the recognition that CCL4 gene SNPs play important roles in a variety of human diseases, little is known about the association between these SNPs and the susceptibility to breast cancer and its progression. In this study, we evaluated the predictive capacity of three CCL4 SNPs as candidate biomarkers for breast cancer risk.
Materials and Methods

Participants
Between 2014 and 2016, we collected 314 blood specimens from patients (cases) diagnosed with breast cancer at Dongyang People's Hospital. A total of 209 healthy, cancer-free individuals served as controls. Written informed consent was obtained from all participants before study entry. The Ethics Committee of Dongyang People's Hospital granted study approval. Pathohistologic diagnosis used the World Health Organization breast tumor classification and tumors were graded using the Scarff-BloomRichardson method [18] . Breast cancer cases were categorized by estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2) and Ki-67 status and grouped under 1 of 4 subtypes: Luminal A (ER-positive [+] and/or PR + , HER2-negative [-] , Ki-67 <14%); Luminal B (ER + and/or PR + , HER2 -, Ki-67 ≥14%; or ER + and/or PR + , HER2 + ); HER2-enriched (ER -, PR -, HER2 + ); or as triple-negative breast cancer (TNBC; ER -, PR -, HER2 -) [19] [20] [21] . A standardized questionnaire at study entry collected sociodemographic data and electronic medical records provided clinicopathologic information.
Selection of CCL4 polymorphisms
The CCL4 SNPs selected for this study were identified from multi-allelic copy number variation (CNV) profiles encompassing the q12 region of chromosome 17 containing CCL4 genes. Nonsynonymous SNPs rs1634507, rs10491121 and rs1719153 were extracted from a search of the National Center for Biotechnology Information (NCBI) dbSNP database.
Genomic DNA extraction
The QIAamp DNA Blood Mini Kit (Qiagen, Inc., Valencia, CA, USA) purified genomic DNA from peripheral blood leukocytes. The DNA was dissolved in TE buffer (10 mM Tris, 1 mM EDTA; pH 7.8), quantified by OD 260 , then stored at -20℃ for further analysis.
Real-time PCR
The ABI StepOne™ real-time polymerase chain reaction (PCR) system (Applied Biosystems, Foster City, CA, USA) assessed sequencing of allelic discrimination for the CCL4 SNP. The TaqMan assay . PCRs were performed in a total volume of 10 μL containing Master Mix (5 μL), probes (0.25 μL) and genomic DNA (10 ng). The real-time PCR reaction included an initial denaturation step at 95°C for 10 min, then 40 amplification cycles of 95°C for 15 secs and 60°C for 1 min [19, 22] .
Statistical analysis
Between-group differences were considered significant if p-values were less than 0.05. Chi-square analysis tested for Hardy-Weinberg equilibrium in the SNP genotype distributions. The Mann-Whitney U-test and Fisher's exact test were utilized for between-group demographic comparisons. Multiple logistic regression models adjusted for confounding variables estimated adjusted odds ratios (AORs) and 95% confidence intervals (CIs) for associations between genotype frequencies and the risk of breast cancer or clinicopathologic characteristics. Haplotype frequencies were analyzed using Haploview [23] . All data were analyzed with the software program Statistical Analytic System version 9.1 and are reported as the sample mean ± the standard deviation (SD).
Results
All study participants were Chinese Han ( Table  1 ). The majority were nonsmokers and did not consume alcohol. There was a significantly higher proportion of younger age participants in the control group compared with the breast cancer cohort (p<0.05). Most patients (77.1%) had stage I/II breast cancer; 22.9% had stage III/IV disease (Table 1) . In an analysis of hormone receptor status, tumors were mostly ER -(69.7%), PR -(54.1%), or HER2 + (63.1%) ( Table 1) . The Mann-Whitney U-test and Fisher's exact test were used to compare values between controls and patients with breast cancer. *p < 0.05 was statistically significant. T2 = tumor >20 mm but ≤50 mm in greatest dimension; N0 = lymph node-negative; N1 = cancer has spread to 1-3 lymph node(s); N2 = 4-9 lymph nodes; N3 = ≥10 positive lymph nodes; M0 = noninvasive cancer; M1 = cancer has metastasized to organs or lymph nodes away from the breast; G1 = well differentiated (low grade); G2 = moderately differentiated (intermediate grade); G3 = poorly differentiated (high grade); G4 = undifferentiated (high grade); ER = estrogen receptor; PR = progesterone receptor; HER2 = human epidermal growth factor receptor 2.
Polymorphism frequencies are shown in Table 2 . All genotypes were in Hardy-Weinberg equilibrium (p > 0.05). In both study groups, the most frequent genotypes for SNPs rs10491121, rs1634507 and rs1719153 were homozygous for A/A, homozygous for G/G and homozygous for A/A. Analyses that adjusted for potential confounders found no significant between-group differences for the polymorphism frequencies. The odds ratios (ORs) with their 95% confidence intervals (CIs) were estimated by logistic regression analysis. The adjusted ORs (AORs) with their 95% CIs were estimated by multiple logistic regression analysis that controlled for tobacco smoking, alcohol consumption and age.
A comparison of clinicopathologic characteristics and CCL4 genotypes revealed no significant differences (Table 3) . Similarly, an analysis of CCL4 genotypic frequencies amongst breast cancer subtypes failed to identify any significant differences between patients and controls (Table 4 ). However, among luminal A and luminal B subtypes, patients carrying the AG genotype at SNP rs10491121 were less likely to develop lymph node metastasis compared with AA genotype carriers (AOR, 0.298; 95% CI: 0.1-0.885) ( Table 5 ). In addition, patients with the rs10491121 AG + GG genotype were at lower risk of developing distant metastasis compared with AA genotype carriers (AOR, 0.106; 95% CI: 0.011-1.038). Moreover, the presence of the TT haplotype at the SNP rs1719153 (AOR 3.316; 95% CI: 1.12-9.815) increased the likelihood of developing pathologic grade (G3+G4) disease (Table 5) . Figure 1 represents the reconstructed linkage disequilibrium plot of the genotyped polymorphisms in our study population. In one haploblock, rs1634507 and rs10491121 displayed 98% linkage disequilibrium. CCL4 SNPs rs1634507 and rs1719153 expressed 95% linkage disequilibrium; rs10491121 and rs1719153 expressed 97% linkage disequilibrium (Fig. 1) . The odds ratios (ORs) with their 95% confidence intervals (CIs) were estimated by logistic regression analysis. The adjusted odds ratios (AORs) with their 95% CIs were estimated by multiple logistic regression analysis that controlled for smoking, consumption and age. T2 = tumor >20 mm but ≤50 mm in greatest dimension; N0 = lymph node-negative; N1 = cancer has spread to 1-3 lymph node(s); N2 = 4-9 lymph nodes; N3 = ≥10 positive lymph nodes; M0 = noninvasive cancer; M1 = cancer has metastasized to organs or lymph nodes away from the breast; G1 = well differentiated (low grade); G2 = moderately differentiated (intermediate grade); G3 = poorly differentiated (high grade); G4 = undifferentiated (high grade). The odds ratios (ORs) with their 95% confidence intervals (CIs) were estimated by logistic regression analysis. The adjusted odds ratios (AORs) with their 95% CIs were estimated by multiple logistic regression analysis that controlled for smoking, consumption and age. HER2 = human epidermal growth factor receptor 2; TNBC = triple-negative breast cancer. The odds ratios (ORs) with their 95% confidence intervals (CIs) were estimated by logistic regression analysis. The adjusted odds ratios (AORs) with their 95% CIs were estimated by multiple logistic regression analysis that controlled for smoking, consumption and age. * p<0.05. HER2 = human epidermal growth factor receptor 2; TNBC = triple-negative breast cancer; T2 = tumor >20 mm but ≤50 mm in greatest dimension; N0 = lymph node-negative; N1 = cancer has spread to 1-3 lymph node(s); N2 = 4-9 lymph nodes; N3 = ≥10 positive lymph nodes; M0 = noninvasive cancer; M1 = cancer has metastasized to organs or lymph nodes away from the breast; G1 = well differentiated (low grade); G2 = moderately differentiated (intermediate grade); G3 = poorly differentiated (high grade); G4 = undifferentiated (high grade). 
Discussion
CCL4, also known as macrophage inflammatory protein-1β (MIP-1β), belongs to the pro-inflammatory CC subfamily. MIP proteins recruit pro-inflammatory cells and thus play a crucial role in acute and chronic inflammatory responses in various conditions including asthma, granuloma formation, wound healing, arthritis, multiple sclerosis, pneumonia, and psoriasis [16] . Accumulating evidences indicated CCL4 expression associated with cancer progression such as oral cancer and hepatocellular carcinoma [12, 17] . We have previously suggested that CCL4 gene polymorphisms influence susceptibility to oral cancer and hepatocellular carcinoma and affect their progression [11, 12] . We found that CCL4 rs1634507 G/T polymorphism increased a risk in oral-cancer susceptibility, but CCL4 rs10491121 A/G polymorphism decreased a risk in hepatocellular carcinoma. Now, the findings from this study indicate that CCL4 SNPs may serve as candidate biomarkers for susceptibility to breast cancer.
The 5-year relative survival rate for breast cancer has gradually increased since the early 1990s; between 2007 and 2011 it was ~89.2%. As breast cancer prognosis depends upon the disease stage at the time of diagnosis, increasing screening rates and making genetic testing more widely available increase the chances of early diagnosis [24, 25] . Our study is the first to examine the expression of SNPs rs1634507, rs10491121 and rs1719153 and their possible association with the development of breast cancer. Our investigation into possible associations between these CCL4 SNPs, clinicopathologic markers, and disease susceptibility failed to find any significant differences between patients and healthy controls. Moreover, CCL4 SNPs did not differ significantly according to breast cancer clinical aspects. Amongst luminal A and luminal B subtypes, patients carrying the AG haplotype at SNP rs10491121 were less likely to develop lymph node metastasis compared with patients with the AA haplotype, while patients carrying the AG + GG haplotype at rs10491121 were less likely to develop distant metastasis. The presence of the AT haplotype at the SNP rs1719153 increased the likelihood of developing pathologic grade (G3+G4) disease.
Linkage disequilibrium is expressed across the human genome. Thus, loci can be used as genetic markers to locate adjacent variants that participate in the detection and treatment of disease. Haplotype analyses clarify genetic contribution to disease susceptibility [26, 27] . We observed 98% linkage disequilibrium between rs1634507 and rs10491121, 95% linkage disequilibrium between rs1634507 and rs1719153, and 97% between rs10491121 and rs1719153. These results suggest that these CCL4 haplotypes play an important role in breast cancer development. This is the first study to demonstrate a correlation between CCL4 polymorphisms and breast cancer risk. CCL4 may prove to be a diagnostic marker and therapeutic target for breast cancer therapy.
